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T wo new cardiovascular drugs released this year are important to
1 practicing anesthesiologists. Bretylium tosylate (Bretytol®) is an anti-

arrhythmic agent useful in refractory ventricular tachyarrhythmias.
Dobutamine (Dobutrex®) is a synthetic vasoactive catecholamine useful
for myocardial dysfunction. The clinical pharmacology and therapeutic
applications of these two exciting new drugs will be discussed.

Bretylium

Bretylium tosylate is a pharmacologically unique antiarrhythmic agent
recently released for treatment of ventricular tachycardia or ventricular
fibrillation. Initially introduced more than 20 years ago as an antihyper-
tensive agent, it was a prototype for a new class of drugs of which
guanethidine became the best known. Adverse effects limited the clinical
usefulness of bretylium and it soon fell into disfavor as an antihypertensive
drug. Ten years ago the drug was found to have antiarrhythmic properties
specifically useful for refractory ventricular tachyarrhythmias.

PHARMACOLOGY

Bretylium (Figure 1) is a quartenary ammonium compound with com-
plex pharmacologic actions.' It increases the fibrillation threshold of both
normal and ischemic tissue in animals and prevents many experimentally-
induced arrhythmias. Bretylium accumulates in postganglionic adrenergic
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Fig. 1. Newer pharmacologic aspects in coronary artery disease: bretylium and dobutamine.

neurons and initially stimulates release of norepinephrine but subsequently
the drug prevents further release of norepinephrine and acts as a sympa-
thetic blocker. It is not known whether the antiarrhythmic effects of
bretylium are related to catecholamine blocking properties or to intrinsic
electrophysiological increases of the cardiac action potential duration and
effective refractory period without change in heart rate.

The onset and duration of action of bretylium are extremely variable but
rapid onset of action is usually possible with intravenous administration.
Between 70 and 80% of an intravenous dose of bretylium is excreted
unchanged in the urine during the first 24 hours after administration.2 The
prolonged duration of action reported in some cases may be due to
decreased clearance because of reduced renal function. Bretylium has a
positive inotropic effect on the myocardium but it is not yet certain
whether this effect is direct or is mediated by catecholamine release. An
initial small increase in heart rate sometimes occurs. Ventricular
hemodynamics are well preserved following bretylium administration to
patients with acute myocardial infarction.

INDICATIONS

For patients with severe hemodynamic compromise due to ventricular
tachycardia or ventricular fibrillation, the treatment of choice is cardiover-
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sion and correction of such contributing metabolic abnormalities as
hypokalemia or acidemia and administration of lidocaine or procainamide.
For patients with acute myocardial infarction or premature ventricular
contractions or tachycardia requiring less urgent treatment, intravenous
lidocaine is usually safe and effective, but large doses may be required.3 If
lidocaine is contraindicated or ineffective, procainamide may be given.

Bretylium is indicated for the treatment of life-threatening ventricular
arrhythmias, principally ventricular fibrillation and ventricular tachycardia,
that have failed to respond to adequate doses of a first-line antiarrhythmic
agent such as lidocaine or procainamide. At present, bretylium should not
be considered a first-line antiarrhythmic agent. Bretylium should be limited
to intensive care units, coronary care units, or other facilities where
equipment and personnel for constant monitoring of cardiac arrhythmias
and blood pressure are available. Following injection of bretylium, the
onset of antiarrhythmic action may be delayed 20 minutes to two hours
although it appears to act within minutes in ventricular fibrillation. The
delay in onset of action appears to be longer after intramuscular than after
intravenous injection.

Multiple clinical trials have tested bretylium in ventricular tachyar-
rhythmias, but controlled trials are difficult to conduct in the crisis atmo-
sphere surrounding a life-threatening arrhythmia. Most studies have indi-
cated that bretylium can stabilize cardiac rhythm in about half of patients
with persistent ventricular fibrillation or recurrent ventricular tachycardias
that do not respond to other treatment.47

ADVERSE EFFECTS

Bretylium was originally used as an antihypertensive agent, and its most
consistent and troublesome adverse effect is hypotension from sympathetic
blockade. Hypotension is usually orthostatic and is generally not a problem
if the patient remains supine. Hypotension could also develop in the supine
position, however, particularly in patients with severely compromised
cardiac function, and may persist despite administration of fluids and
vasopressors.8'9 Another potentially serious adverse effect has been a

transient increase in heart rate, rise in blood pressure, and worsening of
some arrhythmias following initial doses of bretylium, probably from
release of neuronal norepinephrine. Until sympathetic blockade is evident,
patients should be observed closely after each dose of bretylium for
possible worsening of the arrhythmia. Intravenous bretylium often causes
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nausea and vomiting that can be minimized by giving the drug over 10 to
30 minutes. Hypersensitivity to infused catecholamines may occur due to
bretylium-induced blockade of their uptake at postganglionic sympathetic
terminals; both the hypersensitivity to vasopressors and the release of
catecholamines that bretylium initially stimulates can aggravate digitalis
toxicity. Severe aortic stenosis or severe pulmonary hypertension may
prevent an increase in cardiac output to compensate for the peripheral
vasodilation that bretylium causes, and bretylium should be used for
patients with these conditions only when absolutely necessary.

DOSAGE AND ADMINISTRATION

Bretylium is to be used clinically only for life-threatening ventricular
arrhythmias under constant electrocardiographic monitoring. Because there
is delay in onset of its antiarrhythmic action, bretylium is not to be
considered or used as a replacement for rapidly acting antiarrhythmic
agents currently in use. The clinical use of bretylium is only for the short
term. The patient should either be kept supine during bretylium therapy or
be closely observed for postural hypotension. The optimal dose schedule
for parenteral administration of bretylium has not been determined. There
is comparatively little experience with dosages greater than 30 mg./kg./
day, although such doses have been used without apparent adverse effects.
The following schedule has been suggested:

For ventricular fibrillation, an initial rapid intravenous dose of 5 mg./kg.
of undiluted bretylium is recommended, with additional doses of 10 mg./
kg. up to a total of 30 mg./kg. if necessary. For life-threatening ventricular
tachycardia the drug can be infused slowly intravenously (over 10 or more
minutes) diluted in glucose or saline solution, or the undiluted drug can be
given intramuscularly in a dose of 5-10 mg./kg. Few data are available,
however, on the adequacy of absorption after intramuscular injection. The
recommended dose for maintenance therapy is 5-10 mg./kg. every six
hours, either as an infusion over 10 to 30 minutes or by intramuscular
injection. Continuous infusion of 1-2 mg./min. offers maximum control
and is considered preferable. Bretylium should be tapered and discontinued
after three to five days and long-term oral therapy instituted with other
drugs. Although the manufacturer has recommended dosage reduction in
patients with impaired renal function, no data are yet available to guide
dosage for such patients.
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Fig. 2. Newer pharmacologic aspects in coronary artery disease: bretylium and dobutamine.
Reproduced by permission from Sonnenblick, E.D., Frishman, W., and LeJentel, T.H.:
Dobutamine: A new synthetic cardioactive sympathetic amine. N. Engl. J. Med. 300:17-22,

1979.

CONCLUSION

Bretylium is an effective agent in the treatment of life-threatening
ventricular arrhythmias, and is currently the only agent available for
chemical conversion of ventricular fibrillation. Bretylium should still be
reserved for patients refractory to other types of therapy, and used only in
hospital facilities that can provide constant monitoring of blood pressure
and cardiac rhythm.

Dobutamine

Dobutamine is a new, synthetic, intravenously administered catechol-
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TABLE I. SOME RECEPTOR ACTIONS OF CATECHOLAMINES

Adrenergic
receptor Site Action

/31 Myocardium Increase atrial and
ventricular contractility

Sinoatrial node Increase heart rate
Atrioventricular Enhance conduction

conduction
,l32 Arterioles Vasodilatation

Lungs Bronchodilatation
a Peripheral Vasoconstriction

arterioles

Reproduced by permission from Sonnenblick, E.H., Frishman, W.H., and LeJemtel, T.H.:
Dobutamine: A new synthetic cardioactive sympathetic amine. N. Engl. J. Med. 300:17-22, 1979.

amine that acts directly to increase myocardial contractility without induc-
ing marked tachycardia or greatly changing peripheral arterial resistance.
These features make it useful for treating acute cardiac failure charac-
terized by low cardiac output and elevated diastolic filling pressure. In July
of 1978 it was approved for clinical use in this country.

CLINICAL PHARMACOLOGY

Depending on their structures (Figure 2), catecholamines activate recep-
tors other than cardiac 813-adrenergic receptors (Table I). /2-adrenergic
receptors mediate vasodilation in the peripheral vasculature and bronchodi-
lation in the lungs. a-adrenergic receptors in peripheral vessels mediate
arterial vasoconstriction in opposition to the effects of 82-adrenergic recep-
tors. The net effect of any of the amines shown in Figure 1 depends on
their dominant receptor activity (Table II). Dobutamine acts directly as an
intotropic agent whose primary activity results from stimulation of the 8I1
receptors of the heart while producing comparatively mild chronotropic,
hypertensive, arrhythmogenic, and vasodilatative effects.10 It does not
cause the release of endogenous norepinephrine as does dopamine.11 In
animal studies, dobutamine increases heart rate and decreases peripheral
vascular resistance less for a given inotropic effect than does isopro-
terenol. 12,13

In patients with decreased cardiac function, both dobutamine and
isoproterenol increased the cardiac output to a similar degree.14 In the
care of dobutamine, this increase is usually not accompanied by marked in-
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TABLE II. ADRENERGIC-RECEPTOR ACTIVITY OF SYMPATHOMIMETIC
AMINES

a f31 32
Peripheral Cardiac Peripheral

Norepinephrine ++++ ++++ 0
Epinephrine ++++ ++++ ++
Dopamine* ++++ ++++ ++
Isoproterenol 0 ++++ ++++
Dobutamine + ++++ ++
Methoxamine + + + + 0 0

*Causes renal and mesenteric dilatation by stimulating dopaminergic receptors.
Reproduced by permission from Sonnenblick, E. H., Frishman, W.H., and LeJemtel, T.H.:

Dobutamine: A new synthetic cardioactive sympathetic amine. N. Engl. J. Med. 300:17-22, 1979.

crease in heart rate, although tachycardia is occasionally observed, and the
cardiac stroke volume is usually increased. In contrast, isoproterenol in-
creases the cardiac index primarily by increasing the heart rate while stroke
volume changes little or declines.15 Dobutamine increases sinus-node au-
tomaticity and enhances atrioventricular nodal and intraventricular conduc-
tion."', However, when given in amounts having similar inotropic effects,
dobutamine, like dopamine, increases the sinus-node rate less than
isoproterenol while enhancing atrioventricular and intraventricular conduc-
tion to a similar extent.11'17 Systemic vascular resistance is usually de-
creased by administration of dobutamine. Occasional minimal vasocon-
striction has been observed.

Dobutamine, like dopamine, requires continuous intravenous adminis-
tration. Its plasma half-life in man is two minutes. The drug is eliminated
in the body by biotransformation in the liver to inactive glucuronide
conjugates and 3-0-methyldobutamine. Most of these metabolites are ex-
creted in the urine and a small percentage in the feces. Biliary excretion
with subsequent reabsorption may occur, but has not yet been demon-
strated in man.'8

In summary, dobutamine acts primarily on adrenergic /,1 receptors,
whereas /32 and at receptors are only stimulated to a slight degree (Table
II). With doses producing similar increments in cardiac contractile force,
dobutamine exerts a much weaker f82-adrenergic action than isoproterenol
and a much weaker a-adrenergic action than norepinephrine. Thus, at

moderate dose levels augmentation of myocardial contractility is the most

prominent action of dobutamine without major changes in arterial pressure
or heart rate. At very high doses, tachycardia and a lowering of peripheral
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resistance may appear and produce effects resembling those of isopro-
terenol.

INDICATIONS

Dobutamine is indicated when parenteral therapy is necessary for ino-
tropic support in the short-term treatment of adults with cardiac decompen-
sation due to depressed contractility resulting from either organic heart
disease or from cardiac surgical procedures.10

Dobutamine causes dose-related increases of cardiac output in patients
with varying degrees of heart failure. Intravenous infusion at rates ranging
from approximately 2.5 to 15.0 ,ggg./min. induce a progressive increase
in cardiac output.1922 Pulmonary wedge pressure decreases, reflecting a
fall in diastolic filling pressure in the left ventricle. At lower doses the
increase in output occurs with little or no change in mean arterial pressure
or heart rate. The more severe the failure, the greater the improvement
observed. However, at higher dose levels substantial increments in heart
rate also occurred.

Studies of patients with low output cardiac failure where the dosages of
dobutamine and dopamine were adjusted to produce similar increments in
cardiac output demonstrated an increased heart rate with both drugs.
Although dobutamine decreased mean arterial and pulmonary wedge pres-
sure, dopamine did not change arterial pressure and increased wedge
pressure.

Similar findings were demonstrated in a crossover study of dopamine
and dobutamine (2.5 to 10 ug./kg./min.) in patients with congestive heart
failure.24 Dobutamine produced a progressive rise in cardiac output by
increasing stroke volume while simultaneously decreasing both systemic
and pulmonary vascular resistances and pulmonary capillary wedge pres-
sure. There was no increment in heart rate or premature ventricular con-
tractions at this dose level. As arterial pressure rose with increased doses
of dopamine, pulmonary wedge pressure also rose, and the incidence of
premature ventricular contractions per minute increased. At doses greater
than 6 gg./kg./min. dopamine augmented heart rate. During a 24-hour
infusion of each drug only dobutamine produced a sustained increase of
stroke volume, cardiac output, urine flow, urine sodium concentration,
creatinine clearance, and peripheral blood flow. Renal and hepatic blood
flow was not significantly altered by either drug.

In patients who had undergone cardiopulmonary bypass operations
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dobutamine was a potent inotropic drug.2526 In general, tachycardia was
less prominent, and fewer arrhythmias were observed than with the use of
isoproterenol. This effect may prove an advantage of dobutamine when
used during emergence from cardiopulmonary bypass, when augmentation
of cardiac contractility may be necessary for adequate pump function.

The ability of dobutamine to increase cardiac output in heart failure
without increasing oxygen needs or reducing coronary flow due to
tachycardia has recommended its use in pump failure associated with an
acute myocardial infarction.27 However, data on the subject are very
limited. A recent investigation of patients with acute myocardial infarction
administered dobutamine at rates ranging from 1 to 40 ,gkg./min. for 24
hours.28 To evaluate the effects of dobutamine on cardiac performance in
myocardial injury, the treated group was compared to control patients
matched to anticipated infarct size and to other control patients matchecj for
early ventricular arrhythmias. Dobutamine significantly increased cardiac
output and decreased pulmonary capillary wedge pressure without signifi-
cantly altering heart rate or systemic blood pressure. The extent of
myocardial infarction in relation to what was predicted, the frequency of
reinfarction, and extension of infarction were similar in control and treated
patients. These investigators concluded that dobutamine in doses sufficient
to augment ventricular performance after myocardial infarction did not
exacerbate myocar~dial injury or the frequency of ventricular dysrhythmias.

If ventricular failure had been present in all cases, reductions in ische-
mia might have resulted as discussed above. Thus, dobutamine should be
useful in acute infarction when pump failure characterized by low cardiac
outputs and elevated ventricular filling pressures is present.
When mild hypotension is present, dobutamine may increase arterial

pressure by augmenting cardiac output. However, in cardiogenic shock
characterized by severe hypotension and left ventricular failure, an increase
in peripheral resistance may also be required to increase arterial pressure to
adequate levels. Measurements of arterial and pulmonary wedge pressure
should be obtained and adequate volume expanders administered to correct
relative hypovolemia. If hypotension still persists, either dopamine in high
doses or norepinephrine (Levophed®) may be required rather than
dobutamine. It should be recalled that high doses of dopamine resemble
norepinephrine in its vasoconstrictive action. Indeed, when moderate to
high doses of dopamine have been required to sustain cardiac contractility,
nitroprusside has been simultaneously used to offset excessive peripheral
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vasoconstriction, which may raise the arterial pressure beyond required
levels, adding to the load on an already burdened heart. In this latter
circumstance, dobutamine may substitute for the drug combination of
dopamine and nitroprusside. The drug is approved for intravenous use, the
usual dose being 2.5 to 10 pug./kg./min. Dosages as high as 40 4g./kg.I
min. have been used.

ADVERSE EFFECTS

The most serious adverse effects of all the sympathomimetic amines is
the precipitation of arrhythmias. The electrophysiological properties of
dobutamine are similar to those of isoproterenol, and ventricular ar-
rhythmias have followed both drugs. However, it is claimed that
dobutamine causes a lower incidence of arrhythmias as compared with
isoproterenol26 and dopamine.24 If rapid ventricular rates occur in the
presence of obstructive coronary artery disease, ischemia can be induced or
worsened, as noted above.

Dobutamine may cause a marked increase in heart rate or systolic blood
pressure. Approximately 10% of patients in clinical studies have had rate
increases of 30 beats per minute or more, and about 7.5% have had an
increase in systolic blood pressure of 50 mm. Hg or more. Reduction of
dosage usually reverses these effects promptly. Because dobutamine facili-
tates atrioventricular conduction, patients with atrial fibrillation may risk
development of a rapid ventricular response. Other side effects reported in
1 to 3% of patients include nausea, headache, anginal pain, palpitation,
and shortness of breath. No abnormal clinical laboratory values have been
attributable to dobutamine. Infusions of up to 72 hours have revealed no
adverse effects other than those seen with shorter infusions.

CONCLUSIONS

Dobutamine, a synthetic derivative of isoproterenol, directly increases
myocardial contractility with less peripheral arterial effects or tachycardia
than is seen with other sympathomimetic agents at dose levels causing
similar increases in contractility. Administered intravenously, it should be
useful for the treatment of relatively acute heart failure uncomplicated by
severe hypotension.
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